Background: Surgery for biliary tract cancer, including pancreatoduodenectomy and major hepatectomy, is too aggressive and does not allow postoperative gemcitabine to be administered by the usual dosage protocol. We hypothesized that the feasibility of 3-weekly protocol (days 1 and 8, every 3 weeks) of adjuvant gemcitabine therapy may be superior to the usual 4-weekly protocol (days 1, 8, and 15 every 4 weeks). Method: We compared the outcomes of 6 cycles of the 4-weekly protocol and 9 cycles of the 3-weekly protocol in a prospective randomized setting. The primary endpoint was the completion rate, and the secondary endpoints were the adverse events and the recurrence-free survival rate. Results: Totally, 27 patients were enrolled. The protocol could be completed without any omittances and/or dose modifications in two patients (14%) of the 4-weekly protocol, and three patients (23%) of the 3-weekly protocol (p = 0.8099); grade 3/4 neutropenia occurred in almost all the remaining (70%) patients. The relative dose intensity was 72% in the 4-weekly protocol and 78% in the 3-weekly protocol. There was no significant difference in the recurrence-free survival rate. Conclusion: The 3-weekly protocol did not yield superior completion, adverse events or recurrence-free survival rates as compared to the 4-week protocol. Trial Registration: UMIN-CTR, UMIN000001020.
Introduction
The prognosis of biliary tract cancer (BTC) is still poor [1] [2] [3] [4] [5] [6] . Although surgical treatment remains the only potentially curative treatment, the overall 5-year survival rate remains approximately 40% [6, 7] . This uncommon cancer is not yet well-studied because of the complexity of its classification and surgical procedures, andthe high perioperative morbidity, including liver dysfunction and cholangitis. Therefore, no (neo-) adjuvant chemotherapy has been established for these patients [8] . On the other hand, a pooled analysis [9] and multicenter retrospective analysis [10] revealed the potential efficacy of gemcitabine for unresectable and recurrent BTC, and a prospective randomized study revealed the survival benefit of gemcitabine-based chemotherapy in these patients [11, 12] . Moreover, this drug has been shown to have a good safety profile, with a low incidence of grade 3/4 toxicities [13] .
Based on this background, gemcitabine was introduced for adjuvant therapy after curative resection of BTC. However, it is difficult in the clinical setting to continue the usual4-weekly protocol (1000 mg/m 2 on days 1, 8
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Resection for Biliary Tract Cancer: A Prospective Randomized Controlled Trial and 15 every 4 weeks) after BTC surgery. And, there have been several reports of gemcitabine-based adjuvant chemo therapy following major hepatic to mine for BTC or pancrea to duodenectomy for pancreatic cancer, which have suggested that dose modification is often necessary or that the usual 4-weekly protocol could not be, or was not applied [14] [15] [16] . Because of the morbidity, liver dysfunction, and low performance status (PS) after BTC surgery (major hepatectomy/pancreatoduodenectomy), it would seem difficult to complete the usual 4-weekly protocol, and frequent pauses during the adjuvant during therapy would be necessary.
For the above reasons, we hypothesized that postoperative gemcitabine therapy by the3-weekly protocol (1000 mg/m 2 on days 1 and 8 every 3 weeks) might be more feasible and superior to the 4-weekly protocol, because it would allow more treatment pauses. In this study, we compared the completion rate between patients assigned to the 4-weekly and 3-weekly protocols, for the same planned total dosage (6 cycles for the 4-weekly protocol and 9 cycles for the 3-weekly protocol). Because no feasibility studies of adjuvant gemcitabine therapy have been reported yet for BTC, we also comparatively estimated the frequency and severity of adverse events and the treatment efficacy (recurrence-free survival) between the two protocols. This study was registered with the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR, UMIN 000001020) in JAPAN.
Patients and Methods

Study Design and Endpoints
We designed this open, multicenter, randomized controlled trial to explore the feasibility and efficacy of adjuvant gemcitabine therapy for BTC. The trial was initiated by the Osaka University Biliary Tract Cancer Treatment Group (OBCG, affiliated to the Multicenter Clinical Study Group of Osaka), Department of Surgery, Graduate School of Medicine, Osaka University. The protocol was approved by the institutional review board a teach hospital, and written informed consent was obtained from each of the patients.
The primary end point was the completion rate of adjuvant therapy. As control, we employed the 4-weekly protocol of gemcitabine treatment, which was studied in the CONKO-001 study after similar surgeries for pancreatic cancer [15] .
The secondary end points included the frequency and severity of adverse events, for the purpose of collecting data on adverse events associated with adjuvant therapy, and the recurrence-free survival.
We determined that alpha and beta errors were 10% and 20%, respectively, to explore the feasibility and efficacy. After calculation of the sample seize, we determined that a total of 40 patients would be required. The study was started in August 2007 and completed in March 2010.
Patient Selection
Patients with histologically confirmed BTC (extrahepatic bile duct cancer, gall bladder cancer, or cancer of the papilla of Vater, UICC-stage II to IV [17] ), who underwent macroscopic complete resection and no other therapy than surgery, were eligible for the study, and adjuvant therapy was to be started from 4 to 12 weeks after the surgery. Other eligibility criteria included age ≥20 years, Eastern Cooperative Oncology Group (ECOG) PS 0/1 [18] , adequate hematological, liver and renal function (hemoglobin > 10 g/dl, leukocytes > 4000/µl, neutrophils > 2000/µl, platelets > 100,000/µl, serum transaminases < 4× the upper limit of normal (ULN), serum bilirubin < 2× ULN, andserum creatinine <ULN).
Patients were excluded if they had active interstitial pneumonia, severe edema, pregnancy, active infection, severe underlying disease (impaired cardiac function, active peptic ulcer, ileus, uncontrolled diabetes mellitus, etc.), severe allergy, severe mental disorders, or active another cancer.
Treatment and Dose Modification
Standard surgical procedures were used depending on BTC involvement. Eligible patients were randomly assigned by a computer-generated central randomization with stratification for institution and surgical procedure (pancrea to duodenectomy vs. others).
Patients assigned to the 4-weekly protocol received 6 cycles, with each cycle consisting of three weekly administrations of intravenous gemcitabine at 1000 mg/m 2 , followed by a1-week drug-free pause. Patients assigned to the 3-weekly protocol received 9 cycles, each cycleconsisting of two weekly administrations of gemcitabine, followed by a1-week drug-free pause.
The first administration in each cycle was started with adequate hematological, liver, and renal functions (leukocytes > 3000/µl or neutrophils > 1500/µl, platelets > 100,000/µl, serum transaminases < 5 × ULN, serum bilirubin < 3 × ULN, and serum creatinine < ULN). When the first administration of any cycle could not be started within 28 days, the patient was withdrawn from the study.
For the second or third administrations in each cycle, the following were set in addition to first administration criteria; leukocytes > 2000/µl or neutrophils > 1000/µl, and platelet > 70,000/µl. When the above-mentioned criteriawere not fulfilled, dose modification was necessary for the next administration, as follows: 1000 mg/m > 800 mg/m 2 > 600 mg/m 2 > withdrawal from the study. Omitted doses of gemcitabine were not replaced. During the study, neither anti-cancer therapies were allowed. Patients were withdrawn from the study for any of the following reason: disease recurrence, patient's desire to discontinue, or unacceptable treatment toxicity
Assessments
Prior to enrollment in the study, all patient sunder went routine examinations and laboratory studies. Tumor assessments were performed on the chest X-ray and abdominal computed tomo graphic or magnetic resonance images, prior to the adjuvant therapy and every 3 months.
During the study, vitalsigns, laboratory studies, PS, and toxicities/adverse events were evaluated prior to each administration. Toxicities were graded according to the National Cancer Institute Common Toxicity Criteria for Adverse Events (CTCAE version 3.0).
The overall survival and recurrence-free survival rates were calculated by the Kaplan-Meiermethod, and the log-rank test was used for comparisons. Student's t-test or chi-square test was used to compare any differences. P-values <0.05 were considered to indicate statistical significance. All statistical analyses were performed using the StatView J-5.0 software (SAS, Cary, NC).
Results
A total of 27 patients were recruited into the study from 13 centersinthe Kansai area, Japan. Recruitment was planned for ending in March 2010, and we analyzed the data at thistime to determine whether the study should be extended or not. There were no differences in the completion rate between the protocols, and we completed the study in 27 patients. The patients were randomized to the 4-weekly protocol (n = 14) and or the 3-weekly protocol (n = 13).The baseline characteristics of the eligible patients are shown in Table 1 , and there were no statistically differences between the two protocols. All patients had adenocarcinoma, the majority had Stage IIB BTC, 15 (56%) underwent pancreatoduodenectomy, and 8 (30%) underwent major liver surgery. The median time from surgery to the start of chemotherapy was 62 days (24 -86), with no significant difference between the protocols.
Treatment Delivery
The number of patients in whom the adjuvant therapy could be completed without any omittances and/or dose modifications was 2 (14%) in the 4-weekly protocol and 2 (15%) in the 3-weekly protocol (p = 0.8099, Table 2 ). The scheduled treatment cycles could not be completed in 3 patients of the 4-weekly protocol and in 4 patients of the 3-weekly protocol. The median number of administrations was16 for both protocols, and the median durations of administration were 168 days and 189 days, depending on the protocol bias. The median total dosages of adjuvant gemcitabine were 13,000 mg/m 2 in the 4-weekly protocol, and 14,000 mg/m 2 in the 3-weekly protocol. The median relative dose intensities were 72.2% and 77.8%, respectively. The potential need for omittance on account of grade 3 hematological or other events occurred first at the 3rd administration in the 4-weekly protocol and at the 10th administration in the 3-weekly protocol. 
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In the subcategory analysis, the completion rates were 26.7% (4/15) and 9.0% (1/11) in pancreatoduodenectomy and other-surgery, respectively (p = 0.5691). The potential need for omittance occurred first at the 8th administration in pancreatoduodenectomy and at the 2nd administration in other-surgery. The dose intensities were 78% and 73%, respectively. In 4-weekly and 3-weekly protocol after pancreatoduodenectomy, the completion rates were 12.5% (1/8) and 42.9% (3/7), respectively (p = 0.5263). The potential need for omittance occurred first at the 3rd administration in the 4-weekly protocol, and at the 12 th in the 3-weekly protocol (p = 0.0188). The dose intensities were 72% and 86%, respectively (p = 0.1152).
After other-surgery, the completion rateswere 16.7% (1/6) and 0% (0/6), the potential need for omittance occurred first at the 3rd and 2nd administrations, and the dose intensities were 71% and 75%, respectively, in the 4-weekly and 3-weekly protocols, with no statistically significant differences between the two protocols.
Toxicity
Grade 4 toxicities were encountered only in the 4-weekly protocol (grade 4 neutropenia), while grade 3 neutropenia was noted at a high frequency (64% and 69%, respectively) in both protocols ( Table 3) . Grade 3/4 nonhematologic toxicity occurred only infrequently in either protocol. A total of 27 serious adverse events (grade 3/4) were reported in the 21 patients (12 patients of the 4-weekly protocol and 9 patients of the 3-weekly protocol). In regard to the development of constitutional symptoms (PS and general fatigue) and gastrointestinal toxicity (nausea/vomiting), 52% and22% of patients developed grade 1/2 toxicities in the 4-weekly and 3-weekly protocolsandonly one patient experienced grade 3/4 toxicity (PS 3, just before withdrawal from the study).
Efficacy
The survival curves are shown in Figure 1 . For a median follow-up of 17 months, the 1-and 2-year recurrencefree survival rates were 77% and 55% in the 4-weekly protocol, and 84% and 53% in the 3-weekly protocol, respectively (p = 0.8295). The 1-and 2-year overall survival rates were 100% and 75% in the 4-weekly protocol, and 100% and 71% in the 3-weekly protocol, respectively (p = 0.5876).
Discussion
There is as yet no feasibility-certified adjuvant therapy for BTC, especially when gemcitabine is used. In pancrea to duodenectomy for pancreatic cancer, the CONKO-001 and JSAP-02 trials revealed that dose modification was frequently necessary for completion [15, 16] . In BTC, Murakami et al. presented gemcitabine-based adjuvant chemotherapy, however, all patients could not complete the protocol, even for biweekly 700 mg/m 2 gemcitabinebased chemotherapy [14] . Clinically, several omittances are necessary in the usual 4-weekly protocol of gemcitabine after BTC surgery, and it become like the 3-weekly protocol. Therefore, we hypothesized that the 3-weekly protocol may be more feasible and superior (higher completion rate). However, the 3-weekly protocol was not superior to the 4-weekly protocol in the completion rate, frequency of adverse events, or disease-free survival. In other words, the administration protocol did not influence the completion rate of adjuvant gemcitabine therapy for BTC.
In regard to the relative dose intensity, approximately 75% was achieved on average. In CONKO-001 and JSAP-02 (Note; including distal pancreatectomy), the relative dose intensity was approximately 90% [15, 16] . In our data, the dose intensity was 78% in pancreatoduodenectomy, but only 73% in other-surgery (including liver resection). It would therefore seem that the dose intensity is related to the surgical stress. On the other hand, the dose intensity in pancrea to duodenectomy treated by the 3-weekly protocol was 86%, whereas that in the subgroup treated by the 4-weekly protocol was approximately 70%. Similar data were obtained for the first drug omittance. In pancrea to duodenectomy, the first potential omittance was necessitated much later in the 3-weekly protocol than in the 4-weekly protocol, the difference being statistically significant. In other-surgery, the dose intensity was only 70% in both protocols and the first omittances were necessitated at the 2nd -3rd administrations; these data were inferior to the data in the 3-weekly subgroup of pancrea to duodenectomy. In addition, some patients who underwent hepatectomy received only few gemcitabine administrations before withdrawal. This led us to speculate that in pancrea to duodenectomy, the 3-weekly protocol might be better, but that in more aggressive surgery, like major liver resection, neither the 4-weekly nor the 3-weekly protocol might be feasible for adjuvant therapy. This study might not have enough power to mention these speculations. It would be necessary to perform phase I study to yield a higher dose intensity, followed by phase II/III study in a larger study group.
In relation to treatment toxicity, we encountered a high frequency of grade 3/4 neutropenia, and also of grade 2 constitutional symptoms and gastrointestinal adverse events. Although there is little information about neutropenia in previous reports [14, 15] , the JSAP-02 reported a high frequency of grade 3/4 neutropenia [16] , similar to our study. This adjuvant therapy seemed to yield a high frequency of not grade 3/4 leukopenia, but of grade 3/4 neutropenia. After surgery for BTC, the patients sometimes develop cholangitis, and with the occurrence of severe neutropenia, liver abscess and/or sepsis could occur. Patients must therefore be closely monitored for the development of neutropenia. In regard to constitutional symptoms and gastrointestinal adverse events, approximately 25% of the patients with such adverse events were unable to carry on with their work activities or needed drip infusions (grade 2 toxicity), suggesting that treatment of these patients in the outpatient setting might be difficult.
In regard to the efficacy, we compared our historical data [4] [5] [6] and the report from the Japanese Society of Biliary Surgery (JSBS) [7, 19] , and data on gemcitabinebased adjuvant therapy by Murakami et al. [14] . In regard to the recurrence-free survival, the data in our present study (77% -84% at 1 year and 52% -55% at 2 years) were similar to those reported by Murakami et al.
(recurrence-free survival: 79% at 1 year and 60% at 3 years) [14] . In terms of overall survival, the rate in our study 75% -71% at 2 years, as compared to historical data (without adjuvant therapy) of approximately 65% at 2 years and 60% -63% at 3 years. The JSBS reported an overall survival rate of 40% -65% at 3 years. Based on the above findings, we suggest that there remains the possibility of a survival benefit of adjuvant gemcitabine therapy after BTC surgery.
In conclusion, the 3-weekly gemcitabine treatment protocol was not superior to the 4-weekly protocol in terms of the completion rate, relative dose intensity, adverse events or recurrence-free survival, among patients receiving adjuvant therapy following BTC surgery; a high frequency of grade 3/4 neutropenia was found in both the protocols. Furthermore, the treatment could be completed without any interruptions and/or dose modifications in only approximately 10% of the patients. Our findings suggest the possibility of the dose intensity depending on the aggressiveness level of the surgical procedures, and further investigation is warranted. For a precise evaluation of the efficacy in a feasibility study for adjuvant therapy after aggressive BTC surgery, a prospective randomized study with a large number of patients would be necessary.
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